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Non-invasive recording of the late potential (LP) by signal-averaging technique is useful in
predicting ventricular tachycardia (VT), especially in patients with myocardial infarction
(MI). However, the rate of positive LP is much lower in anterior or anteroseptal MI than
inferior MI since the LP is sometimes masked by QRS complex. The purpose of the present
study is ﬁrstly, to detect local conduction delay in initial portion of QRS complex and
secondarily, to evaluate the clinical signiﬁcance of the initial delay in patients with MI. Eighty
patients with MI were analyzed in 4 groups as follows: AS: anteroseptal, n ¼ 18, including
6VT; A: anterior, n ¼ 22, 7 VT; I: inferior, n ¼ 28, 9 VT; and P: posterior, n ¼ 12, noVT.
Twenty non-MI patients were used as normal controls (N). A signal processor (NEC 7T 18)
was used to record signal-averaged electrocardiograms and each 10msec integral value of
ﬁltered QRS complex from the initial upstroke to the 60msec point was automatically
measured.
The integral values of groups AS and A were lower than those of groups I, P, and N. AS
patients with VT showed a lower integral value than AS patients without VT, but no
diﬀerences were observed between A patients with VT and A patients without VT.
We conclude that there is a much more sluggish upstroke in the signal-averaged initial QRS
complex in anteroseptal MI patients with VT, suggesting that the local conduction delay at the
ventricular septum plays an important role in the mechanism of VT in these patients.
(J Arrhythmia 2005; 21: 407–413)
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Introduction
The late potential (LP) recorded at the terminal
portion of the QRS complex in the signal-averaged
electrocardiogram (ECG) reﬂects the intracardiac
micropotentials such as delayed potential and frag-
mented activity which shows the presence of
substrates for re-entrant arrhythmias.1–13) However,
the positive rate of LP was lower in patients with
anterior infarction than in those with inferior
infarction. Abnormal excitation in homogeneous
conduction as a condition for re-entry should not
necessarily exist only at the end of all excitations of
normal myocardium. If a delayed local conduction
exists in the early phase of ventricular excitation, it
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can be identiﬁed as the delay of the initial upstroke
of the QRS complex.14) The purpose of the present
study is ﬁrstly to detect the delay of initial upstroke
of the QRS complex, if present, and secondarily to
evaluate the relationship to the ventricular arrhyth-
mias.
Subjects and Methods
1) Subjects
Among the patients with acute myocardial infarc-
tion transferred to the coronary care unit of Nippon
Medical School Hospital, 80 consecutive patients on
whom signal-averaged ECG could be recorded at 1
or 2 weeks after the onset were chosen as subjects
(Table 1). The diagnosis of acute myocardial in-
farction was made mainly by examining typical
changes in the 12 lead ECG changes accompanied
by elevation of serum CK-MB to twice the baseline
level or greater. Diﬀerential diagnosis between
anterior and anteroseptal infarction was deﬁned as
ST elevation with abnormal Q wave in lead V1 in the
former and in V2 in the latter. The diagnosis of
posterior infarction was made when an abnormal
gain of the R wave amplitude in lead V1 was seen.
Culprit lesion in the coronary arteriogram, abnormal
wall motion in the echocardiogram or the left
ventriculogram, and low uptake regions in the
myocardial scintigram were also checked to ﬁx the
diagnosis in most of the patients. In addition, twenty
healthy adult subjects (15 male and 5 female, mean
age: 35:0 5:0) without prior history of heart
Table 1 Clinical characteristics of patients.
Site of
infarction A AS I P
Number of
cases
22 18 28 12
Male/Female 21/1 15/3 21/7 7/5
Age
(Mean SD) 63:7 11:9 59:3 10:3 61:9 10:3 59:7 12:5
A: anterior infarction, AS: anteroseptal infarction, I: inferior
infarction, P: posterior infarction
Table 2 Incidence of ventricular tachycardia.
Cases: VT/nonVT Incidence of VT
A 7/15 31.8%
AS 6/12 33.3
I 9/19 32.1
P 0/12 0
A: anterior infarction, AS; anteroseptal infarction, I:
inferior infarction, P: posterior infarction
Anteroseptal infarction without VTAnteroseptal infarction with VT
0.02/DIV 0.02/DIV
time
(MS)
5(MS)
10(MS)
15(MS)
20(MS)
25(MS)
30(MS)
35(MS)
40(MS)
45(MS)
50(MS)
55(MS)
60(MS)
time
(MS)
5(MS)
10(MS)
15(MS)
20(MS)
25(MS)
30(MS)
35(MS)
40(MS)
45(MS)
50(MS)
55(MS)
60(MS)
volt
0.0004(MV)
0.0012(MV)
0.0055(MV)
0.0088(MV)
0.0152(MV)
0.0220(MV)
0.0218(MV)
0.0287(MV)
0.0404(MV)
0.0393(MV)
0.0316(MV)
0.0996(MV)
0.1205(MV)
INTG(5 ms)
0.0038(MVS)
0.0131(MVS)
0.0342(MVS)
0.0654(MVS)
0.0968(MVS)
0.1140(MVS)
0.1019(MVS)
0.1726(MVS)
0.2224(MVS)
0.1348(MVS)
0.2926(MVS)
0.5497(MVS)
0.4060(MVS)
volt
0.0015(MV)
0.0045(MV)
0.0166(MV)
0.0243(MV)
0.0432(MV)
0.0676(MV)
0.0841(MV)
0.0859(MV)
0.2150(MV)
0.1857(MV)
0.0839(MV)
0.2038(MV)
0.1242(MV)
INTG(5 ms)
0.0082(MVS)
0.0422(MVS)
0.1149(MVS)
0.1630(MVS)
0.2551(MVS)
0.4062(MVS)
0.3450(MVS)
0.6797(MVS)
0.0127(MVS)
0.7147(MVS)
0.7157(MVS)
0.8097(MVS)
0.5798(MVS)
INTG(total)
0.0092(MVS)
0.0515(MVS)
0.1663(MVS)
0.3283(MVS)
0.5845(MVS)
0.9907(MVS)
1.3357(MVS)
2.0154(MVS)
3.0282(MVS)
3.7428(MVS)
4.4585(MVS)
5.2682(MVS)
5.8480(MVS)
INTG(total)
0.8038(MVS)
0.0169(MVS)
0.0511(MVS)
0.1185(MVS)
0.2133(MVS)
0.3273(MVS)
0.4292(MVS)
0.6018(MVS)
0.8242(MVS)
0.9590(MVS)
1.2516(MVS)
1.8013(MVS)
2.2073(MVS)
Figure 1 Automatic measurement of integral values of ﬁltered QRS complex from the initial upstroke to 60msec point.
Left: an example from a VT patient with anteroseptal infarction
Right: an example from a non-VT patient with anteroseptal infarction
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disease and showing no abnormality in the standard
12-lead ECG were used as the control group.
Subjects with bundle-branch block and atrial ﬁbril-
lation at recording of signal-averaged ECG were
excluded.
Ventricular tachycardia (VT) was deﬁned as
consecutive 3 or more consecutive ventricular
extrasystoles during two weeks after the onset of
infarction. The incidence of VT is shown in Table 2.
Signal-averaged ECGs were recorded without ad-
ministration of any anti-arrhythmic drugs.
Informed consent was obtained from all subjects
before enrollment in this study.
2) Method
ECGs were recorded according to the method
reported by Simson5) using Signal-Processor
7T18(NEC San-ei, Tokyo) to signal average 250
beats in each of X, Y and Z leads with sampling
frequency of 1 kHz. Then, the spatial vectorﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
X2 þ Y2 þ Z2
p
was prepared, which was ﬁltered
through a unidirectional forward band-pass ﬁlter of
40 to 250Hz, and regenerated as a spatial magnitude
ECG. In order to evaluate the delay at the initial
portion of the QRS complex, the root mean square
voltage of the ﬁltered QRS complex was automati-
cally measured every 5msec from the initial up-
stroke to the 60msec point as shown in Figure 1.
Then each 10msec-integrated value was calculated
as an initial potential (IP): IP 10, IP 20, IP 30, IP 40,
IP 50 and IP 60. One way analysis of variance
(ANOVA) with unpaired t-test was used for stat-
istical evaluation, and p < 0:05 was considered
signiﬁcant.
Table 3 Values of initial potentials.
N A AS I P PValue
IP 10 45:0 20:3 40:2 27:4 37:0 21:7 43:5 24:3 52:3 18:1 N.S.
IP 20 260:4 94:0 211:6 103:9 177:7 87:5 273:0 109:7 309:1 89:9 AS
 to N I, P.
A to N, I, P.
IP 30 763:8 273:0 589:0 305:3 516:9 280:5 771:3 264:6 727:7 214:0 AS
 to N, I.
AS to P.
IP 40 1;382:4 474:1 1;074:6 390:9 983:1 473:1 1;478:9 479:5 1;430:8 436:7 AS
 to N, I.
AS to P.
IP 50 2;647:0 832:4 1;767:0 602:3 1;089:4 920:5 2;572:7 878:4 2;646:9 711:4 A
 to N, I, P.
AS to N, I, P.
IP 60 3;733:0 1;065:2 2;760:0 967:2 2;843:7 1;229:0 3;778:6 1;090:2 3;993:0 927:4 A
 to N, I, P.
AS to N, I, P.
IP: initial potential (mv. msec), N: normal control p < 0:05, p < 0:01
Figure 2 Initial potential at each point
measured.
Each symbols express mean value of IPs.
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Results
1) IPs and the site of infarction
The average values of IPs are shown in Table 3.
In order to clarify the diﬀerence between IPs, the
gradual change at the initial portion of the QRS
complex is shown graphically in Figure 2. The IP
was signiﬁcantly lower in anterior and anteroseptal
infarctions than in the control, inferior and posterior
infarctions. There were no signiﬁcant diﬀerences
between anterior and anteroseptal infarction and
between inferior, posterior infarctions and the con-
trol group.
2) Incidence of ventricular tachycardia and the IP of
QRS
The incidence of ventricular tachycardia is shown
in Table 2. Figure 3 and Figure 4 show the
comparison of IPs between patients with VT and
without VT in anterior infarction and anteroseptal
infarction, respectively.
In the patients with anterior infarction, there was
no diﬀerence in IP between 7 patients with ven-
tricular tachycardia and 15 patients without ventric-
ular tachycardia. On the contrary, in the patients with
Figure 3 Comparison of initial potential
between VT and non-VT patients with ante-
rior infarction.
Each symbol and the bars express mean value
of IPs and their standard deviations.
There were no statistically signiﬁcant dif-
ferences.
Aþ: anterior infarction with VT
A: anterior infarction without VT
Figure 4 Comparison of initial potential
between VT and nonVT patients with ante-
roseptal infarction.
Each symbol and the bars express mean value
of IPs and their standard deviations.
There were statistically signiﬁcant diﬀer-
ences between two groups at IP30–60.
ASþ: anteroseptal infarction with VT
AS: anteroseptal infarction without VT
(ms)IP60IP50IP40IP30IP20IP10
0
1,000
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anteroseptal infarction, the IP was signiﬁcantly
lower in 6 patients with ventricular tachycardia than
in 12 patients without ventricular tachycardia.
Particularly for IP 30 to IP 60, the IP value of the
patients with ventricular tachycardia was about 50%
of that of the patients without ventricular tachycar-
dia. In the patients with inferior infarction, there was
no diﬀerence with regard to the presence of
ventricular tachycardia, and no signiﬁcant diﬀerence
was observed in comparison with control patients.
Figure 5 illustrates the comparison among the
patients with ventricular tachycardia. The IP tended
to be lower in patients with anteroseptal infarction.
In the patients without ventricular tachycardia, there
were no diﬀerences in the IP between anterior
infarction and anteroseptal infarction.
Discussion
1) Relationship between the site of infarction and
the IP of the QRS complex
The analysis of the ventricular LP, conducted
previously using the signal-averaged ECG, focused
particularly on the end portion of the QRS complex,
and it has been indicated that the detection rate of
ventricular LP diﬀers according to the site of
infarction. Tanaka15) reported that the LP appearance
rate was signiﬁcantly higher in inferior infarction
(23.9%) than in anterior infarction (13.9%). Buxton
et al.16) also reported an almost similar result in the
LP detection rate after myocardial infarction.
On the other hand, changes in the initial portion of
the QRS complex have received much less attention.
However, our results showed that the IP value of the
QRS complex was signiﬁcantly diﬀerent according
to the site of infarction. That is, in anterior infarction
and anteroseptal infarction, the IP of the QRS
complex was signiﬁcantly small, and the upstroke
of QRS complex was much more sluggish compared
to that of inferior infarction and posterior infarction.
The reason for such the diﬀerence can be
explained that the anteroseptal region of left ven-
tricle is the site where left ventricular excitation
starts in the physically earliest phase. In anterior or
anteroseptal infarction, because an inhomogeneity or
delay in conduction of excitation based on the
myocardial injury occurs in the area, the upstroke of
the QRS complex becomes more sluggish and the IP
of the QRS complex reduces its amplitude.
2) Relationship between the incidence of ventricu-
lar tachycardia and the IP of the QRS complex
The patients with anterior infarction showed no
diﬀerence in the IPs irrespective of the presence of
ventricular tachycardia, while it is interesting that, in
anteroseptal infarction, the IP decreased obviously in
the patients with ventricular tachycardia compared
with those without ventricular tachycardia. That is, it
is possible to say that the decreased IP of QRS
complex may be involved in the mechanism of
ventricular tachycardia in anteroseptal infarction.
Kienzle et al.14) also examined the signal-averaged
ECG in acute myocardial infarction and reported that
the decrease of IP is related to the presence of
ventricular tachycardia in anterior infarction. The
diﬀerence between their results and our data may
come from the diﬀerence in deﬁnition of the site of
infarction. We presume that patients with anterior
Figure 5 Comparison of initial potential in
VT patients with anterior and anteroseptal
infarction.
Each symbol and the bars express mean value
of IPs and their standard deviations.
IP60 in ASþ was signiﬁcantly lower than that
in Aþ.
(ms)IP60IP50IP40IP30IP20IP10
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∗
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infarction of their series may include ‘‘septal’’
infarctions. Interestingly, they described that fractio-
nated electrogram was recorded through intracardiac
catheter electrode around the ventricular septum in
10 (9 with anterior infarction and 1 with inferior
infarction) of 46 patients with myocardial infarction
who had sustained ventricular tachycardia, suggest-
ing the relation to the decreased IP of QRS complex.
Nanke et al.17) reported that high frequency
abnormal potential was detected in the localized
area of QRS complex according to the site of
infarction. Josephson et al.18) and Cassidy et al.19)
examined the intracardiac potential using catheter in
the patients with ventricular tachycardia and describ-
ed that the ventricular septum plays an important
role of the formation of the re-entry circuit. These
reports and the results of our present study suggest
that, after spreading of myocardial injury to the
ventricular septum, the IP of the QRS complex
became smaller and the upstroke became more
sluggish, while the conduction delay and/or inho-
mogeneity of excitation in the septal region were
enhanced and thereby the re-entry circuit was
formed, easily leading to ventricular tachycardia.
3) Clinical signiﬁcance of the analysis of the IP of
the QRS complex in the signal-averaged ECG
The generally-accepted method of evaluation was
to focus only on the presence of LP in the terminal
portion of the QRS complex using conventional
signal-averaged ECG methodology and to examine
its relationship to the arrhythmia. Because the
positive LP rate is lower in anterior infarction than
in inferior infarction, however, the inferiority of the
eﬀectiveness of this method for prediction of
ventricular tachycardia has been indicated. As shown
in this study, if there is some association between the
change in the IP in anterior or anteroseptal infarction
and the occurrence of ventricular tachycardia, the
limited eﬀectiveness of the signal-averaged ECG in
anterior infarction may be compensated. Unfortu-
nately, though we have no data as to the direct
relationship between IP and LP in this series, it may
be suﬃcient to examine the end portion of the QRS
complex in inferior infarction and to examine the IP
of QRS complex in anterior or anteroseptal infarc-
tion, and by using both examinations, the signiﬁ-
cance of clinical application such as prediction of
ventricular tachycardia may be increased. However,
the mechanism of occurrence of ventricular tachy-
cardia in the acute phase of myocardial infarction is
not necessarily based on the re-entry due to delayed
conduction, and it is highly possible that triggered
activity20) and increased automaticity21,22) is in-
volved to some extent. It must be mentioned that
the association with the change in the initial and/or
terminal portion of the QRS complex in the signal-
averaged ECG may be limited in the case of
ventricular tachycardia based on such a mechanism.
This method is more useful in the case of ventricular
tachycardia based on re-entry.
In addition, because a special recording technique
is not required for examination of the IP of the QRS
complex and as widely-used methods of recording
the LP may be used, this method has its advantages.
As a limitation of the present study, we were not
able to discuss the normal range of IP because the
number of the patients was insuﬃcient. Further
examination and a prospective study will be needed
to evaluate the normal range of IP in the QRS
complex.
Conclusion
We recorded signal-averaged ECG in 80 patients
with acute myocardial infarction to examine the IP in
the QRS complex for the site of infarction and the
presence of VT compared with 20 healthy adult
control subjects and obtained the following conclu-
sion:
1) Comparing the IP of the QRS complex for the
site of infarction, the IP from the upstroke to the
20msec and the 60msec points were signiﬁcantly
lower in anterior infarction and anteroseptal infarc-
tion groups than in the control and the inferior and
posterior infarction groups. There was no diﬀerence
between the IP of the inferior and posterior infarc-
tion groups and the control.
2) Regarding the relationship between the pres-
ence of ventricular tachycardia, the site of myocar-
dial infarction and the IP, the IP of the QRS complex
was signiﬁcantly lower in the anteroseptal infarction
group in patients with ventricular tachycardia than in
those without ventricular tachycardia, whereas, in
the anterior infarction group, there was no diﬀerence
in the IP in patients with ventricular tachycardia
compared to those without ventricular tachycardia.
3) Comparing between anterior infarction and
anteroseptal infarction only for the patients with
ventricular tachycardia, the IP of the QRS complex
was signiﬁcantly lower in anteroseptal infarction
patients.
4) For the patients without ventricular tachycar-
dia, there was no diﬀerence in the IP of QRS
complex between anterior infarction and anterosep-
tal infarction patients.
5) Particularly in anteroseptal infarction with
ventricular tachycardia, the degree of decrease was
greater, suggesting a relationship to the occurrence
of ventricular tachycardia and re-entry.
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